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PREFACE 
A better model for the a-term in the SRK equation of state 
has been proposed. Parameters for use in the new model have been 
obtained for thirty seven pure compounds. For easy application, 
these parameters have been accurately correlated as simple algebraic 
functions of acentric factor. The parameters in turn have been used 
to obtain interaction coefficients for several hydrocarbon-hydrocarbon 
and non-hydrocarbon-hydrocarbon binary mixtures. The model not only 
represents a correctly as a monotonically decreasing function of 
reduced temperature, but also very closely predicts vapor pressures 
of pure compounds. 
The new modified SRK equation of state has been used to predict 
the K-values of several hydrocarbon-hydrocarbon and non-hydrocarbon-
hydorcarbon binaries with reasonable accuracy. Pure component and 
mixture enthalpy departures of hydrocarbons and non-hydrocarbons have 
also been calculated with minimal errors, using the modified equation. 
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CHAPTER I 
INTRODUCTION 
Phase-equilibrium predictions have become very important in all 
phases of the petroleum and chemical industries, including all kinds 
of petro1eum production operations, gas-processing plants, enhanced 
oil recovery techniques such as co2 displacement, hydrocarbon solvent 
injection, et cetera. Knowledge of the properties and phase behavior 
of petroleum reservoir fluids used to be obtained experimentally, 
especially when made complex and complicated by the presence of such 
non-hydrocarbon gas mixtures as co2, H2S and nitrogen at high temper-
atures and pressures. With an accurate and reliable phase equilibrium 
prediction method, this information will be obtained with 
enormous savings of time and cost. 
Previous studies by Yarborough (87) have shown that the Redlich-
Kwong equation of state can be adapted for use in the calculation of 
typical hydrocarbon phase behavior relationships. Besides phase-
equilibria predictions, the R-K equation can also predict reliable 
enthalpy departures and selected P-V-T relation calculations. The 
most widely accepted modification of the R-K equation is the one 
proposed by Soave (79) in 1972. The SRK equation is 
preferred to other equations with numerous constants, because it 
is not only simple to use, but also gives reasonably accurate results. 
According to Erbar and West (83), its only shortcoming is in the 
prediction of liquid densities, having been found accurate in 
1 
prediction of equilibrium coefficients, vapor densities, enthalpy and 
entropy departures. 
Details of the Soave equation of state are given in the next 
chapter. Only an outline is given here for the purpose of illustra-
tion. The original fonn of R-K equation is: 
p = RT 
V-b 
a 
1 T~(V+b) 
Soave' s form is p = RT _ a(T) 
V-b V(V+b) 
Soave proposed that 
and that 
1 
r:i2 = 
l 
k 
1 + m. (1 - T . 2) 
l Tl 
(1-1) 
(1- 2) 
(1-3) 
(1-4) 
(1-5) 
This form of equation (1-5) predicts that a vanishes and then starts 
to increase again at high Tr. This is contrary to the observation 
of Heyen (27) that a is a monotonicallv decreasing function of T . 
, r 
The primary objective of this study was to find a 
better model for a, Values of parameters from the new a model were 
to be computed by forcing the SRK equation of state to match experi-
mental pure component vapor pressures from triple point to critical 
point. Vapor pressure and volumetric data to be used were to be those 
of N2, co2, H2S and light hydrocarbons including paraffins, alkenes 
and aromatics. The parameters obtained from the new a model were to 
be correlated as functions of the acentric factor, w. 
2 
111.is work was then to be extended to binary mixtures of H2S, 
co2, N2 and light hydrocarbons, where standard mixing rules were 
to be used to obtain optimal interaction parameters for these binaries. 
An expression for pure component and mixture enthalpy departure 
which would reflect the new model was to be derived. 111.is expression 
would then be used to test how good the new modified SRK equation of 
state would be in enthalpy departure predictions. 
111.e main tool to be used for this study was to be Multiproperty 
3 
and Multi component Fit Program "MPMCGC" for the PFGC Equation of State (20). 
~WMCGC was to be modified to handle SRK equation of state and the new a 
model. 
CHAPTER II 
LITERAIDRE SURVEY 
The original Redlich-Kwong equation of state is: 
p = RT 
V-b 
a 
1" T 2 V(V + b) 
(2-1) 
where the constants a and b are related to the critical properties 
of the substance in question: 
0.4278R2T 2· 5 a= ____ c__ 
p 
c 
0.0867RT 
c b=---
p 
c 
(2- 2) 
(2-3) 
For binary or multicomponent system, like in the case of a gas 
mixture, the following mixture rules are used: 
b = L: y.b. 
m i i i 
a = L: L: y.v.a .. 
m i j i· J lJ 
(2-4) 
(2-5) 
In terms of the compressibility factor; equation (2-1) can be 
written as: 
z3 - z2 + Z(A - B - B2) - AB = 0 (2-6) 
4 
where: V = ZRT 
p 
B = bP 
RT 
' t 
(2-7) 
..11, 
(2-8) 
(2-9) 
Equation (2-6) is a cubic equation which can be solved analytically 
to obtain three roots. The maximum root, Z~, is picked to determine 
the vapor mixture volume, while the minimum root, Z • , is picked to 
min 
claculate the liquid mixture volume. 
V = ZRT p (2-7) 
For a one component system, the fugacity coefficient $ is obtained 
from the R-K equation as 
RT hi$ =hi---
P(V-b) 
+(PV _ 1)- ( a ) fu V+b 
RT 3/ 2 V RT b 
(2-10) 
For a component k in a multicomponent vapor mixture, the fugacity 
coefficient is given by 
n 
hi ¢iv= fu _y_ 
k V-b 
bk 
+-
V-b 
2 E y.a.k 
RT . 1 1 1 + hi - - _1= __ _ 
PV RT3/2 b 
abk 
+---
RT3/2b2 
[hi V+b _ _E_] 
V V+b 
(2-11) 
The residual enthalpy for a gas mixture can also be computed from 
the following derived expression 
5 
6 
-1.5 a V+b -~ = ~l~S_m_ . ln -2!!. + PV - 1 
RT . b V RT 
m 
(2-12) 
,..--\ c 
The R-K equation is widely accepted as the best generalized tW.Q-
parameter equation of state available. Its greatest assest are its 
simplicity and its accuracy relative to other equations with numerous 
constants. It is easily applied in the calculation of P-V-T relations, 
enthalpy, and vapor-liquid equilibrium data, fugacity coefficients, 
r'{\ 
compressibility factors, heat capacities, et cetera for single or multi-
~ 
component systems. The shortcomings of the Redlich-Kwong equation 
include: its failure to give consistently good results for mixtures 
which Prausnitz et al 0.3 attributed to the inflexible mixing rules 
for the composition dependence to the equation-of-state constants and 
its inability to accurately describe the liquid phase volumetric proper-
ties. {!he first inadequacy is most marked in the prediction of fugacity 
coefficient for components in the mixture. The R-K equation shows in-
creasing errors as the acentric factor of the compound iil_.question in-
cr~as~s. In addition it predicts a value of one-third for the critical 
compressibility factor Z for all compounds, whereas Z varies from a 
c c 
value of 0.290 for compounds with spherical molecules down to a value of 
0.260 for n-heptane. 
Consequently, a barrage of publications has been published in the 
chemical engineering literature within the last two decades; all of 
these papers report attempts to modify the R-K equation of state to 
reduce the above-mentioned and other inadequacies. Only the highlights 
of these publications will be reviewed here. These modifications may 
be divided into four categories: 
1. Improvement of the R-K mixing rules 
2. Improvement of the R-K equation by changing the tempera-
ture dependence of the a term or a and b terms 
3. Improvement of the R-K equation by changing the 
expression for determining the constants 
4. Improvement of the R-K equation by adding a correction 
term to the original equation. 
Wilson's Modification 
The first paper was Wilson 85 ,86) in 1964 and 1966 who proposed 
temperature dependence for the a term in order to match the pure 
component vapor pressures. Wilson 86) proposed that the R- K 
equation be written as 
PV 
RT 
= 
v 
V-b 
(2-13) 
where f c~ ' w) = 4.934 1 [ + (1.57 + 1.62w) c~ -1)] (2-14) 
For computing enthalpy, he derived the expression: 
H = H* + PV - RT - 4.93R [zx.(1.57 + 1.62w .. ) T ·] rn (1 +_vb) 
. l 1 Cl 
1 
(2-15) 
His modification had limited success, particularly at high pressures 
where deviations for vapor pressure predictions are very high. 
Barner, Pigford and Schreiner's Improvement 
Barner et al (6) tried to improve on Wilson's work by 
1 
proposing another expression for a/T~ in original equation (2-1): 
7 
a 
= 0.4275 c: 4 7 3/21r-3/2 ) . 3 + 4.73w3/ 2 (2-16) 
The Barner modification gave improved estimates of enthalpy deviations 
for non-polar vapors and for vapor-phase mixtures of hydrocarbons, 
but was unsuitable for fugacity calculations. 
Chueh and Prausnitz Proposal 
Cheuh and Prausnitz(l3,14)proposed that equations (2-2) 
and (2-3) be written as 
SI R2T 2.5 
a c a=----
p 
c 
RT 
and b = I\__.£ 
p 
c 
(2-17) 
(2-18) 
where the critical constraints on the R-K equation are relaxed and 
the parameters Sia and I\ are treated as empirical constants which 
are in turn determined separately for the liquid phase and for the 
vapor phase of a given substance. If the constants are solved by 
the classical method of van der Waals: 
= 0 (2-19) 
or by an alternate equivalent technique of using three equal 
voll.UTie roots at the critical point: 
(V-V) 3 =0 
c 
(2-20) 
8 
the results are: ~ = 0.4278 
a 
and ~ = 0.0867 for all fluids as obtained by 
Redlich and Kwong. Prausnitz G4 argued that adoption of these 
values is equivalent to fitting the equation of state to experi-
mental results in the critical region, which although the most 
sensitive, does not provide the best fit over a wide range of 
conditions. Since, in vapor liquid equilibrium, we are interested 
in the volumetric behavior of saturated vapors over a relatively 
wide range of temperature, rather than in the critical region 
only, Prausnitz ~3) proposed to evaluate Qa and ~ for each pure 
component by fitting equation (2-1) to the volumetric data of the 
saturated vapor, using the temperature range from the nonnal boiling 
point to the critical temperature. This he hoped, would enhance 
thermodynamic property predictions at high pressures. He also made 
changes in the mixing rules as follows. 
n 
b = E y.b. 
i=l l l 
where 
and 
where 
b. = 
l 
0~ .RT . 
--bl Cl 
p . Cl 
n n 
a= z z y.y.a .. 
i=lj=l l J lJ 
11 .R2T _2.5 
al Cl a .. =-----ll p . Cl 
(a .. Wa .. a .. ) lJ ll J J 
(Q . + Q • ) R2T .. 2. 5 
a. . = _a_l ___ a~J __ c_l~J __ 
lJ 2P .. 
ClJ 
Z .. RT .. 
p .. = ClJ ClJ 
ClJ V .. 
ClJ 
(2- 21) 
(2-22) 
(2-23) 
(2-24) 
(2-25) 
(2-26) 
9 
v . _ 1/3 1 
ClJ = Z (V _1/3 + V _1/3) Cl CJ (2-27) 
z .. 
ClJ 
(
W· + w.) 
= 0.291 - 0.08 1 J 
2 
(2-28) 
T .. = T .. T .. (1-k .. ) 
ClJ ClJ ClJ lJ (2-29) 
where k .. is a binary constant representing the deviation from 
lJ 
10 
geometric mean for T .. and 1s approximately independent of temperature, ClJ 
density and composition. 
Using equation (2-1) and his new mixing rules, he derived an 
expression for the fugacity coefficient of component k in the mixture 
as: 
b 
bl¢ =bl~+-1s. 
k V-b V-b 
[ bl V+b _ --12._] _ bl PV V V+b RT 
+ 
(2-30) 
One limitation of the Chueh and Prausnitz 0.3, l~ modification is 
that with the change in the pre-multiplier, the condition at which 
(~~) T = 0 and (32~) = 0 no longer corresponds to the component 
c av T 
critical temperature afid pressure, thus introducing a slight 
inconsistency in the extent of the two-phase region. To be thermo-
dynamically consistent, the same value of fugacity coefficient 
should be obtained for a pure component at same conditions of 
temperature and pressure irrespective of phase. Unfortunately, 
with the constants established byChueh and Prausnitz ~3,14), 
different coefficients are obtained using volumetric data on the 
different saturated phases, and therefore do not yield equal 
fugacities, a fundamental requirement for phase equilibrium. 
Joffe and Zudkevitch Proposal 
The first proposals to make the Chueh and Prausnitz constants 
temperature dependent came from Joffe and Zudkevitch (89,90> and 
Oiang and Lu ~l) in 1970. Zudkevi tch ~O) used an additional 
. th s constraint at ¢ 
v 
= ¢s l 
and equation ( 3- 10) to obtain for a pure component: 
na = nb [ln (Va - b)/(Vl - b) - P(Va - Vl)/RT] 
(T /T) 3/ 2 ln v (Vo + b)/VoCV + b) c g ,(._ ,(._ g 
(2-31) 
(2-32) 
Joffe, Zudkevi tch and Schroeder e@ then solved equations 
(2-1), and (2-32) simultaneously at each temperature below the 
critical point by trial and error to yield values of na and~· 
A trial and error procedure set up by them is outlined below: 
(1) 
(2) 
Guess ~ and use experimental values of T, P and Vl, 
solve equation (2-1) for a and for na. This is naI. 
Knowing a and b, solve equation (2-1) for V using g 
Newton-Raphson method for largest root. 
(3) Substitute known values of Vg' Vl' P, T and ~ in 
equation (2:-3~) to obtain na. This is n}I. 
(4) If jnaI - Q}II ~ s, go back to (1). 
(5) If f naI - naIIj < s, convergence achieved and solution 
obtained. 
This method gave one set of Qa and ~ for both liquid and vapor 
phases at each temperature point for a pure component and, therefore, 
solved the phase continuity problem inherent in the c:hueh and Praus-
11 
nitz work. Unfortunately, it was not widely adopted because of its 
complex nature. 
Soave's Modification 
In 1972~ Soave (79.) 80) presented an extremely si.mple 
temperature dependent expression for the a term, along the same line 
of thought as Wilson (85,86 and Barner et al (6). Much of the 
popularity of the R-K method stems from Soave's modification. Soave 
1: (79) replaced the term a/T 2 in equation (2-1) with a more general 
temperature dependent term: 
p = RT 
-
a(T) (2-33) 
V-b V(V+b) 
Letting V = ZRT (2-7) 
p 
A=~ (2-34) 
R2T2 
and B =~ (2-35) 
RT 
equation (2-33) can be written in tenns of compressibility factor 
Z as: 
z3 - z2 + z (A-B-B2) - AB = 0 (2-36) 
For a pure con1ponent: 
0.42748R2r2. 
a. (T ) = Cl 
l c p . 
Cl 
(2-37) 
A· (T) = a. (T ) • a(T/T . ) 
l' l C Cl 
(2-38) 
12 
where 
and 
Thus 
and 
1: 1: a~ = 1 + m. ( 1 - T . 2 ) 
i i ri 
2 
mi = 0.480 + 1.574wi- 0.176wi 
0.08664RTci 
b· =-----
1 p . 
Cl. 
0.42748 aiPri 
A=------
T .2 
ri 
0.8664 p i" 
B = r 
T. 
ri 
(2-39) 
(2-40) 
(2-41) 
(2-42) 
(2-43) 
The fugacity coefficient for a pure component is therefore given 
by 
ln ¢ = Z - 1 - ln(Z-b) - ~ ln ~ 
For mixtures, Soave (79) used the original mixing rules: 
and 
1: 2 
a = (i:x-a. 2 ) 
1. 1. 
b = i:x-b. 
1. 1. 
(2-44) 
(2-45) 
(2-4) 
which he claimed were adequate for non-polar mixtures. Using these 
rules, he obtained: 
A = 0.42748E_ 
r2 
B = 0.8664E_ 
T 
( T .a.~)2 " Cl. 1. t..X·---
1. k p .2 
Cl. 
T. 
Cl. i:x. -
1. p . 
Cl. 
(2-46) 
(2-47) 
13 
and the fugacity coefficient of a component in a mixture as 
The ratios ~la and ~lb are given by 
and 
1: 1: 
a. ~ ·IP · 2 K Cl Cl 
1: 1: 
L.:x. a. ~ . IP · 2 
1 1 Cl. Cl 
bk T . IP · 
= Cl. Cl. 
b I:x.T ·IP . l. Cl. Cl. 
(2-48) 
(2-50) 
(2-51) 
In order to imi;rove the perfonnance of his equation on polar 
compounds, Soave (80) made the following improvements on his work: 
T 
a(TITc) = 1 + (1 - TIT )(m + n _£) 
c T 
a = L.: L.: x.x.a .. 
m . . i J l.J 
l. J 
b = L L.: X·X·b· · 
m i J i J l.J 
where a .. = (1 - c .. )(a. + a.) 12 l J l.J 1 J 
(2-52) 
(2-53) 
(2-54) 
(2-55) 
(2-56) 
Cij and Dij are adjustable, empirically detennined coefficients. 
Fugacity coefficients ¢t and ¢~ are given by: 
14 
(2-57) 
and the same for~~' by replacing in equation (2-51) xj with Yi· 
The S-R-K equation gained acceptance by the hydrocarbon 
processing industry because of its relative simplicity as well as 
its capability for generating reasonably accurate equilibrium 
ratios in vapor-liquid equilibrium calcuations. However its 
shortcoming lie'8 in its failure to generate satisfactory density 
values for the liquid, even though the calculated vapor densities 
are generally acceptable. 
1he Peng-Robinson Equation of State 
Peng and Robinson (39, 40, 41) , (1967, 1977) , published an 
equation that yields improved correlation for pure-component vapor 
pressures and better estimates of liquid densities. Peng-Robinson 
(39) proposed an R-K type equation of the form: 
p = RT _ a(T) 
V-b V(V+b) + b(V-b) 
which can be ~vritten as 
z3 - (l-B)Z2 + (A - 3B2 - 2B)Z - (AB - B2 - B3) = 0 
where 
B = bP 
RT 
(2-58) 
(2-59) 
(2-34) 
(2-35) 
15 
z = PV 
RT 
(2-7) 
In the two phase region, thema.xinrum and mininrum roots of eq~ation 
(2-56) arethe vapor and liquid compressibility factors, respectively. 
0.45724R2T 2 
At critical, a(Tc) = c (2-60) 
Pc 
0.07780RTc 
=----
and zc = 0.307 
Similar to SRK equation, 
a. (T) = a. (T ) a. (T . ,w. ) i i c i ri i 
b.(T) = b-(T) 
i i c 
But correlation for mi is different: 
mi = 0.37464 + l.54226wi - 0.26992wf 
The mixing rules used were 
where 
a = I: I: x.x..a. · 
m . . i J iJ 
i J 
k k 
a . . = ( 1 - k .. ) a . 2a . 2 iJ iJ i J 
(2-61) 
(2.62) 
(2-38) 
(2-41) 
(2-34) 
(2-63) 
(2-53) 
(2-64) 
k·· being an empirically detennined binary interaction coefficient iJ 
characterizing the binary fanned by component i and component j. 
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b L:x.b. 
=·1.1. 
1. 
(2-4). 
Peng and Robinson derived the following expression for the :fugacity 
coefficient of a pure component: 
ln qi = Z - 1 - ln(Z - B) - ..._!:_ i..n(.z + 2.414B) 
z 2B \z - 0.414B 
and that of a component k in the mixture: 
~ = ~ (Z - 1) - ln(Z - B) - _..!_ (2 ixiaik - ~ b 2 2B \ a b7 
• 4J.(.z + 2.414B) 
\Z - 0.414B 
(2-65) 
(2-66) 
The enthalpy departure of a fluid that can be derived from the Peng-
Robinson equation of _state is given by 
T da a ~ H - w( = RT(Z - 1) + OT - ln (z + 2.414B 
2 2b Z - 0.414B 
(2-67) 
Gray et al. and Chaudron et al. Approach 
Gray et a~ (26) (1970) and Chaudron et al.(12), (1973) 
modified the R-K equation by adding a deviation function to the 
compressibility factor of the original R-K equation to improve 
agreement with data. This deviation function z2 is made a function of 
temperature, pressure and acentric factor, w. 
Z = z___ + A_ (T , P , w) 
-KK -'.""L r r (2-68) 
Simonet-Behar and Graboski-Daubert Improvements 
One of the two latest RK equation modifications worth mentioning 
17 
in this review is the attempt by Simonet and Behar (78) in 1976 to 
find analytic functions for na and ~ previously computed by 
Zudkevitch and Joffe. The second is the improvement on SRK 
equation by Graboski and Daubert (20) in 1978. They used the 
fo Hawing mixing rules : 
n m 
aa= l: l: 
i=l j=l 
n 
X·X ·CY.· .a·· i J iJ iJ (2-69) 
and retained b = l: x.b. from the original R-K equation where j=l J J 
.k 
a, • . a.· = (1 - c .. )(a.a.a.a.) 2 l.J iJ iJ 1 1. J J (2-70) 
c .. is a binary interaction coefficient which corrects for the effect l.J 
of deviation from geometric mean combining rule for a a and is 
18 
obtained by fitting binary mixture data. They retained the Soave original 
fonn for a : 
1: 1: 
a 2 = 1 + m (1 - Tr 2), but re-correlated the regression form as: 
m = 0.48508 + l.5517lw - 0.15613w2 (2-71) 
Their equation derived for the fugacity coefficient of component k 
in a mixture is: 
bk 
ln¢k = ~(Z - 1) - ln (Z-B) -
b 
n 
[
2 l: X·~·~· A k=l J J J 
B - -
a. a 
b.] B 
- ..1:. ln (1 + - ) 
- z b 
(2-72) 
CHAPTER III 
PROCEDURE 
Governing Equations 
The governing equations used in this study were the original SRK 
equation of state, with standard mixing rules, but a new a model: 
_ RT a(T) 
p - V-b - V(V+b) 
L . V ZRT ettmg =I' 
and 
A _ aP 
- R2T2 
B = bP 
RT 
(2-33) 
(2-7) 
(2-34) 
(2-35) 
equation (2-33) can be written in terms of compressibility factor as: 
z3 - z2 + Z(A-B-B2) - AB = 0 
for pure substances, Let (~~) = Caz~) = O 
av 
at critical point, then we obtain: 
CT ) = = 0.4274R2Tci2 a. . a . P 
l Cl Cl Ci 
a. (T) = a .a. (T) 
l Cl l 
where a new model for a was proposed as: 
19 
(2-36) 
(2-19) 
(2-37) 
(2-38) 
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a~/2 =exp m.(1-fl~) (3.1) 
1 1 r1 
m. and n. are empirical constants that were to be determined. 
1 1 
p a .a.P 
Thus A = ai = Cl 1 (3-2) ff R2T2 
b.P 
1 
B = RT 
the pure component fugacity coefficient remained as: 
A ln ¢ = (Z-1) - ln(Z-B) - - ln(l+B/Z) B (2-44) 
For mixtures, the standard mixing rules used by Soave (78) were 
retained: 
nn 
a = a a = L: L: x. x. a .. 
c i j 1 J lJ 
where a .. = a .. a .. 
1J ClJ lJ 
= (1-k .. )a~/ 2 a. 112 
lJ 1 J 
= (1-k .. ) (a .a. ·a .a. }112 
lJ Cl 1 CJ J 
(3-4) 
(3-5) 
k .. is the binary interaction parameter to be determined empirically 
lJ 
and characterizing the binary formed by components i and j . 
n 
b = 4: x.b. 
1 1 1 
aP _ acap 
thus A = - - - -,,-:;-
R2T2 R'"T'"' 
B = bP 
RT 
(2-4) 
(3-6) 
(3-7) 
Hence the expression for the fugacity coefficient of a component i in 
the mixture remained as: 
in~. = bi (Z - 1) - in(Z - B) - A 
1 - B o 
. in (1 + B/Z) 
n 
[
2 
. l:1 x.a .. a .. 1= ] C1] 1] 
a a 
c 
b.] - 1 
b 
Equation (3-8a) is used to calculate K-values of components in a 
mixture: 
L K. = ~-1 1 
~'! 1 
Development of lll-I~/RT Equation 
(3-8a) 
(3-8b) 
The expression for the residual enthalpy, which was to be used 
in the 'lVIPMCGC' program for prediction of enthalpy departures, was de-
rived as follows: 
Thennodynamic isothennal definition of enthalpy departure is given as: 
or Lil-I~ 
RT = T1v(~) oo aT v dv - (Z - 1) v 
dv (T const. ) (3-9) 
(T const.) (3-10) 
Equation (3-9) is preferred here because it leads to easier and 
shorter calculations and reductions. An alternative derivation using 
equation (3-10) is shown in Appendix 
Soave equation is given as: 
P = RT - a (T) -· .~"'' ·· 
V-b v(v+b )l\' .1 ', ) 
(2-32) 
21 
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a(T) = ac · a(T) (2-39) 
(3-1) 
Using the volwne integral equation, 
T ( aP) = RT - T . aa(T) 
aT v -b v CV +b) -r: c . aT 
v 
. P - T ("p) = RT - a(T) RT + T aa(T) .. 
aT V-b V(V+b) V-b V(V+b) 8T 
v n:(vt,) 
= 1 T·da(T) - a(T) 
V(V+b) dT 
...:. ·c '-! .. ~,, .; 
Jjv [p - T aP 
v] dv = 1 T·da(T) - a(T) f v dV ; T const: RT aT RT dT V(V+b)t- •.-. · .· 
00 00 
v 
. MI'" = 1 - z + 1 T·da(T) - a(T) 1 . in V ,) }. '\ ~, }! ·:J . . 
RT RT dT o V+b 
~· 
limitQ,n V = Q,n 1.0 = 0.0 
v~ V+b 
(/) 
• MI'" = 1 - Z + 1 in V • T•da(T) - a(T) 
•. RT RTb V+b dT 
(3-11) 
From equation (3-3), b = BRT p-
From equation (2-7), V = ZRT 
-p 
Hence V+b = ZRT/P + BRT/P 
-V-- ZRT/P 
= Z+B = 1 + B/Z 
-z-
v 
: v-o ',":;, 
'• 1 •• •, ~ 
'. , ' ·I • C_ ...J 
\ 
. 
. . 
... 0 
Ml~ = (1-Z) + 1 in (l+B/Z) • a(T) - T•da(T) 
RT RTb dT 
Let a(T) = aca(T) 
= a c 
= a 
c 
= -2mna 
c 
T n-1 2m(l-Trn) 
• r • e 
Taa(T) 
aT 
Tc 
~ T n 
= -~ r • a 
c • a(T) 
aa(T) = -2mnTrn-l • a(T) 
aT Tc 
This is the fonn for a .. , hence for a pure substance, it becomes 
ll 
aa(T) 
aT 
n. -1 
= -2m.n. T . 1 a. (T) 
1 l Tl l 
r Cl 
n. -1 
= -2m.n. T. 1 a .a.(T) 
l 1 Tl Cl l 
r Cl 
Substituting (3-12) and (2-37) in (3-12): 
t.H~ (1-Z) + 1 • in (1 + B/Z) • {a(T) + 2mnTrna(T)} 
RT RTE" 
23 
(3-12) 
(2-37) 
(3-12) 
= (1-Z) + a(T) • in (1 + B/Z) • { 1 + 2mnTrn} 
RTb 
2 2 From equation (3-2), a(T) =ART 
p 
From equation (3-3), b = BRT 
p 
hence a(T) 
RTb 
2 2 
= ART /P 
RT·BRT/P 
= A/B 
. . 
.. ~; = (1-Z) + ~ {l + 2mnTrn} • .Q.n(l + B/Z) 
24 
(3-13) 
Equation (3-13) could be used for calculation of enthalpy departure of 
a pure component. 
For mixtures: 
n n '£.., '7 • 
-
(.\ 
a = z z 
i j 
-:x:.X!. a. l 'J lJ where a .. lJ 
Expanding for a binary, 
- 2 
a = x a + 2x x a 
2 
+ x a 
111 1212 2 22 
2 !,,, 
= x a + 2x x (1-k ) a2 
1 11 1 2 12 11 
2 k 
= x a a + Zx x (1-k ) a 2 • 
1 C1 1 1 2 12 C1 
Note that a - a and a _ a 
11 l 22 2 
\_, ' ' 
~,\.' 
!,,, 2 
. a2 + x a 
22 2 22 
k !-,; k 2 a2 . a2 . a2 + x a . a (3-14) 
C2 l 2 2 C2 2 
From (3-12), 
Now 
aa. 
l 
aT 
= 
aa. 
= a . i 
Cl aT 
!.,, 
= a 2 
2 
m 
= e 
n. -1 
T . l rn.n. r1 
· a .a. 
!.,, 
+ a 2 
1 
n. 
mi (1-Tri 1 ) 
Cl l 
l l • e 
Tei 
n. -1 
- rn.n.Tri 1 
1 l 
Put (3-18), (3-17) and (3-13) in (3-15) 
2 
- x a a Gla = 1 C1 
aT Tc 
1 
n -.i. 1 x a a -Zm n Tr 
,, 2 ( n2-l (-2m n Tr ) + 'r~: , " 2 ) 
+ 2x x a ~a ~ ( 1-k ) [ a~ a c c 2 1 
n -1 
( -rn n Tr 1 ) 
1 1 l 
Tc 
1 
n -1 
i., i., -m n Tr 2 ] + a 2a 2 2 2 2 
i 2 Tc 
2 
--
- - ----- - ---
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(3-15) 
(3-12) 
(3-17) 
(3-18) 
2 
x a a 
1 C1 
n -1 !.,; !.,; !.,; !.,; 
( 2 T 1 ) + 2 x x a 2 a 2 a 2a 2 (1-k ) • 
- m n r 1 1 c1 c2 1 2 12 
Tc 
1 
2 
+ x a a 
2 C2 2 
Tc 
2 
1 1 1 
n -1 
(-2mnTr 2 ) 
2 2 2 
So in general, for a multicomponent mixture, 
aa = 
ClT 
. ~ ~ ~ ~ EE X.J.a .a .a.a. 
i j 1 1 Cl CJ 1 J 
n.-1 
- m.n.Tr. J 
J J J 
Tc. 
J 
(1-k .. ) • 
lJ 
n.-1 
1 
-m.n.Tr. 
1 1 1 
Tc. 
1 
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(3-18) 
(3-19) 
Check if (3-19) reduces to expression (3-12) for a pure component: 
Expanding (3-19), 
aa 
1 1 
a'T 
= 
n -1 
-2m n Tr 1 
1 1 1 
Tc 
0 
(1-1/ ) 
/11 
• a a 
C1 1 
So put (3-19) into equation 3-12: 
(1 - Z) + 9-n(l + B/Z) • 
n -1 
m n Tr 1 
- 1 1 1 
Tc 
1 
n -1 
m n Tr 1 
- 1 1 1 
Tc 
which is equation (3-12) 
a 
RTb 
- aa/ClT 
Rb 
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2 2 
a = AR T /P = A 
RTh RT BRT/P B 
.¥. 1 .~1x .. x.y .. (1-k .. ) ] i= J= iRS lJ lJ • ~n(l+B/Z) + (1-Z) (3-20) 
where y .. lJ 
n. -1 
L k k h: rn.n.Tr. 1 
= a'2 • • a 2 • ·a .2 • a ?- i i l 
Cl CJ 1 J Tc. 
1 
k k 
n. -1 
+ rn.n.Tr. J 
J J J 
Tc. 
J 
a 2 • = (0.42?47) 2 
ci Pei 
RTci = 0.65381 RTci 
Pei o.s . 
n.-1 
1 
i rn . ( 1-Tr . ) 
'i 1 1 and a. = e 
1 
(3-20) is the required equation. 
't-1PMCGC' Program Modification 
'}.'IPMCGC' is a rnultiproperty and multicomponent fit program for 
the PFGC equation of state, about 4000 lines and consisting of 46 sub-
programs. 'MPMCGC' is a very elaborate program and can be divided into 
five main functional parts: Input, Setting, Property Evaluation, Fitting, 
and Output. The Input program segments read in the data to be used in 
the program, while the Setting part is essentially a subroutine named 
'SRKST' which transfers values from names use.d in the Input part into 
nmnes that are used in the Property Evaluation and Fitting parts of the 
program. The Property Evaluation part of the program is comprised of a 
number of subprograms dealing with solution of the cubic equation of 
state in terms of compressibility factor Z; equilibrium calculations; 
calculation of several thennodyna.mic properties and comparing calcu-
lated with experimental values. The Fitting part consists of several 
subprograms that handle the non-linear fitting process in the program; 
while the Output program segments at different points in the program 
write out both the input and computed results. 
During the modification, the fitting, input and output parts 
remained unchanged. The setting part was slightly changed, while all 
the subprograms in the Property Evaluation part were completely changed, 
in order that the program could handle the SPJZ rather than PFGC equation 
of state. 
Deatils of this 'MPMCGC' program can be found in Erbar (20). 
Fitting the Pure Component Parameters and Prediction 
of Pure Component Vapor Pressures 
Having modified the program 'HPMCGC' to handle the SRK equation 
of state with the new a expression, pure component vapor pressure and 
occasionally volumetric data were obtained. The complete set of pure 
component data used in the program included: critical temperature and 
pressure, acentric factor, and vapor pressures over a temperature range 
from the triple to the critical point. For some pure substances, volu-
metric data had to be supplied as well, at low pressures, in order to 
get the program to work. ESDU (91) vapor pressure data were used for 
paraffins ranging from c1 to c8; all the alkenes, and all the aromatics. 
Revised API-44 (95) vapor pressure data were used for the rest of the 
paraffins ranging from c9 to c20 . The Steam Tables (92") was used for 
water, while the rest of the sources of vapor pressure data used for 
co2, ~S and N2 are shown in Table IV. 
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Values of the fitted parameters m and n in equation (3-1) were 
obtained by fitting the SRK equation of state with the new a model, 
using non-linear regressions analysis. Sumnary of the results obtained 
from the program were final values of m and n, total number of points 
fitted, average percent deviation between experimental and predicted 
vapor pressures for a complete data set. The program each time selected 
the set of m and n that minimized this deviation. Also, for each point 
in the tit, the modified 'MPMCGC' gave experimental, predicted and percent 
deviation between experimental and predicted values for vapor pressures. 
Very good estimates of m and n were required to obtain an optimal 
set of values. The criteria used to obtain the best set of fitted values 
for m and n was that the average deviation between the experimental and 
predicted vapor pressures for a complete set of data points must be less 
than or equal to one percent. 
Correlation of Pure Component Parameters as 
Functions of Acentric Factor, w 
For applicaiton of correlation to components for which data are 
not available, the parameters m and n had to be correlated as functions 
of acentric factor, w. First, m and n and different combination of m and 
n were plotted against w, using the SAS PIDT program, in order to find 
out which plots best matched various algebraic functions. Figures 1 and 
2 show the plots that were finally chosen. 
m and n were fitted to the functions: 
m=A+:&o (3-21) 
n = 1. (A + Bw) (3-22) 
m 
29 
The constants A and Bin each equation were obtained using Chandler's 
(ID'.J modified version of Marquardt' s non-linear least squares fit 
program. 
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Fitting the Binary Mixture Interaction 
Coefficients, kij and 
Prediction of K-Values 
Large numbers of experimental binary vapor-liquid equilibrium data 
were used to detennine the interaction coefficients k .. in equation lJ 
(2-64). 'Ihe value of the optimal k .. obtained for each binary was the 
. lJ 
one that gave the minimum deviation between the predicted and experirnen-
tal K-values. Most K-values were predicted via flash calculations. For 
cases where errors in calculating fraction of liquid in the feed, L/F, 
were high or flash calculations were unstable, the bubble point tempera-
ture calculation method was used. 'Ihe sources of all the data used are 
listed in the tabulation of results in the next chapter. 
Enthalpy Departure Prediction 
Program inputs for this phase of the work were the fitted pure 
component parameters, fitted binary mixture k .. s; temperature, pressure, lJ 
composition, experimental enthalpy departures, B1U/lb-mole, and the option 
to calculate vapor or liquid enthalpy. Results obtained were total number 
of points, total points for vapor and liquid enthalpy calculations respec-
tively, average deviations between experimental and predicted enthalpy 
departures in BTU/lb-mole for vapor phase, liquid phase, and for the entire 
set of points. Predicted enthalpy departures and deviations were also 
given for each point. Only the evaluation part of the program was used, 
since all the fitting required had been done. 
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CHAPTER IV 
RESULTS 
A new model was proposed for the a term in the SRK equation of 
state: 
a:- = exp m. (1-Tr. 1 ) I { n. } 
1 1 1 
(3-1) 
-Ml.ere m. and n. are empirical constants to be determined for each pure 
1 1 
component. Values of m and n determined for 37 pure compounds are pre-
sented in Tables I through IV. Values of m and n obtained are shown 
in Table I for paraffins ranging from c1 to c20 , Table II for alkenes 
ranging from ethene to hex-1-ene, Table III for aromatics ranging from 
benzene to para-xylene, and Table IV for non-hydrocarbons C02, N2, H2S 
and water. Each of the tables, I through IV, also show the average 
percent deviation between predicted and experimental vapor pressures, 
the temperature and pressure ranges and nwnber of points used in the 
fit. The regression equations obtained form and n are: 
mi = 0.266 to 0.4459 ..f'W'i_ 
n. = 1 (0.2469 + 0.7495 w.) 
1 - 1 m. 
1 
( 4-1) 
( 4-2) 
Tables V to X show the fitted values of binary interaction coefficients, 
kijs' obtained for co2, N2, H2S, c1, c2, c3 and the other higher carbon 
number binary systems considered in this work, using values of m and n 
35 
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obtained earlier and the proposed a model. Each table also gives the 
average percent deviations between predicted and experimental K-values 
and the number of points used in the fitting process; as well as the 
temperature and pressure ranges. 
Tables XI and XII show the average percent deviations in calcu-
lation of pure and mixture enthalpies, using the new modified SRK 
equation of state. For each system considered, the average deviation 
in B1U per lb. is given for the vapor phase, the liquid phase and for 
the two phases combined. Results for each system are also directly 
compared with those obtained by Lee and Kessler using modified BWR 
equation of state. 
CCi. '.l 10..!.\J T.P. 
:\.\:.IT; OF 
( I::\T,\ ) 
S.:::Uii.CE 
!·=!1~\::E -296.464 
(ESGJ) 
2 E.11'"\l ,'E -297 .868 
(i::SDU 
3 PRJP~"..;.;s -305.873 
(GDt;) 
4 1!-3tJI".:\:·:E -216.67 
(ESD:J) 
5 IS0-5t.rfa·~r~ -256.27 
(<DiJ) 
6 ~:-rDw.:;r: -202.27 
(ESGU) 
7 ISO-PE::L\NE -256.27 
( ES:Ai) 
TABLE I 
PURE CO·fPONENT PARAMETE!1S Alill DEVIATIONS IN VAPOR PRESSURE 
PREDICTIOHS FOR PARAFFIN 1-M>ROCARBONS 
Tc pc TE:\!P . RANGE PRES • RAi\/GE ABS. AVG No. OF 
op PSIA 
op PSIA ERROR IN POil\l'fS 
(:~1 (rr RA."\GE) ~r RANGE) VAf'. PRES. 
-116. 7159 656.5675 -279,4 .. -117 .4 1.56;. 655 .429 0.62 21 
(342.954l°R) (0.47};..0.998) (0 .002+0. 983) 
90.0361 707.7859 -234.4>-89.6 0.101 ... 701.263 0.91 37 
(549.756l°R) (0.410,.0.999) (0.0001+0,991) 
206.3361 616.51 -180.4 .. 197.6 0.072..-565.SL;S 0.97 43 
(6ti6.0G610R) (0.419•0.937) (0.0001+0.913) 
305.9841 550.9561 -117 .4>305.6 0.121+549.072 0.94 47 
(765.654l°R) (0.447-. 1.0) (0.0002,.0.997) 
274.9821 529.2971 -135.4>-269.6 o.1os,502.541 0.98 46 
(734.65210&) (0.441-r0.993) (0.0002.0.949) 
386.1921 488.9099 -99.'4'.377:6 . 0.029..455 .198 0.91 54 
(S45.862l°R) (0.426+0. 990) (0.00006.. 0. 931) 
369.1039 490.8252 -72 .4>368.6 0.178>487.417 1.0 50 
(82S.77390R) (0.467 .... 0.999) (0.00()4...0.993) 
m 
. 0:;275 
0.3842 
0.4425 
0.4672 
0.4559 
0.4910 
0.4632 
n 
0.9721 
0.3330 
0.8058 
0.8410 
0.8395 
0.8788 
0.8931 
w 
...... 
CO·:'?C'J:>'D T.P. Tc Pc .~~ .... \~ "F 
•r PSIA 
( D:\TA ) SCURCE (:~) 
s ~:-l!E:·:\!'!E 
-139.27 45L;. 55 439.8975 
c::sou) (914.220R) 
9 ~;-![LP[AXE 
-132.07 512.5099 396.8799 
(ESDU) (972. l 799°R) 
10 N--0...""I. \XE -70.87 564.1879 360.9524 
(ES::;U) (1023.8579°R) 
11 :;-:-.;c,::.. \.:'~··E 610.43 331.8 
(Al'I-l,4) (l.070.21°R) 
12 N-m:C'iXE 651.83 305.0 
(A?H,4) {lll .50jl) 
13 li-C 11 !!2:. 690.04 235.0 
(A?I-44) (ll49171°R) 
14 N-<::121!26 725.13 264.0 
(A?I-44) (llS:.. S°R) 
TABLE I (Continued) 
. 
TEMP. RANGE PRES. RANGE 
"F PSIA 
(rr R-\NGE) (Pr RANGE) 
S.6->4Lr9.6 0.145+421.713 
(0.512+0.995) co.oom-o.959) 
35.6+512.6 0.247+396.lll 
(0.509 ... l .O) (0.0006-+0.998) 
89.6->557 .6 0.39.}+3.'.;.2.07 
(0.537+0.994) (0.001+0.948) 
10(}..360 0.18~31.52 
(0.523->0.766) (0.0005+0.095) 
135+405 0.189->-31.81 
(0.535->0.778) (0.0006-;.{).104) 
16.5.:44s··· 0.181--31.3 
(0.543+0.787) ( 0 • 0006-;.{) .110) 
195-+485 0.185+31.83 
(0.553+0.797) (0.0007+0.121) 
ABS. AVG No. OF 
ERHOR IN POI!\'1'S 
V~. PRES. 
0.96 50 
0.99 54 
1.0 53 
0.62 53 
0.59 55 
0.71 57 
0.65 59 
m 
Q.4942 
0.5252 
0.5339 
0.5874 
0.5992 
0.6069 
0.6223 
n 
C.9573 
0.96S9 
1.0234 
0.9664 
1.003 
1.0464 
1.062.3 
w 
()') 
Cil·~'JIY.\1) T.P. Tc Pc ~:-..:.r.: •p 
"F PSIA 
( £t\TA ) 
::);:A;[((I; (:~) 
15 ~l-Cn112a 756.73 250.0 
(A!.'I-44) (1216. 3999<>R) 
16 ll-C14H30 735.53 235.0 
(Ar'I-!,!+) (1245.2°R) 
17 N-C15H32 812.53 220.00 
(Al'l-44) (1272 .2°R) 
lS 
'1-Cl(,1134 837 .43 206.0 
(Al'I-44) (1297 .1001 °a) . 
19 N-C17l!36 B60.43 191.0 
(A?l-l/;) (1320.lOR) 
20 ~:-cl3li38 881.8 176.0 
(A<"H.4) (1341. 4 °i~) 
21 N-C19H:,o 901.0 162.0 
(Al'I-44) (1361.0°R) 
22 N-C20Ht,2 921.0 162.0 
c.:.n-l,.l,.) (1381.0°R) 
TABLE I (Continued) 
TBi?. RANGE PRES. RANGE 
•p PSIA 
(rr RA..'>GE) (Pr M'-:GE) 
225->520 0.194+31.4 
(0.563+0.805) (0.0003+0.126) 
250->555 0.187->31. 7 
(0.57<r0.815) ( 0. UJG8->{) .135) 
280->585 ·0.212~30.9 
(0 .581->0 .821) (0. 001->-0.140) 
305-·615 0.21&+30.8 
. 
( 0. 509-•0. 829) ( 0. 001 ... 0 .150) 
330.6l15 0.237~31.l 
(0.598->0.837) (0.001->0.163) 
3t..0•690 0.184+30.4 
(0~590:.:0.842) (0.001+0, 173) 
36(}>690 0.181+28.4 
(0.602->0.845) (0.001+0.178) 
385-· 715 0.176+29.2 
(0.612+0,851) (0.00l+0.180) 
ABS. AVG No. OF 
ERf\ClR IN POll\'TS 
VAf>. PRES. 
0.80 60 
0.97 62 
0.97 62 
0.97 63 
1.0 64 
0.93 64 
0.68 66 
0.60 67 
.. 
m 
0.6206 
0.6157 
0.6209 
0.6323 
0.6317 
0.6576 
1.1557 
0.7186 
n 
1.1269 
l.1941 
1.2306 
1.2491 
l.2817 
l.2429 
l.2222 
w 
"° 
CG•!POLr.\TI 
;\;>.'-IE 
( D:\T:\ ) 
SCU.BCE 
23 ETlU:::.'E 
( E.SDU) 
?'· _..,. PROP EKE 
(ESDU) 
25 BUT-1-CIB 
(ESDU) 
?~ 
-0 ?:;:xr-r-t::\'E 
(ESDU) 
27 HEX-I-fl·m 
(ESDU) 
T.P. 
op 
TABLE II 
PUR~ CCX1P0l~ENT PARAMETERS AND DEVIATIONS IN VAPOR PRESSURE 
PREDICTIONS FOR UNSATURATED HYDROCARBONS 
Tc Pc TEMP . Rt\NGE .... 'f>RES • RANGE ABS. AVG 
OF PSIA OF PSIA ERROR IN 
r:~) (Tr RANGE) (Pr RANGE) VAP. PRES. 
-272.524 48.92 732.6399 -261.4+44.6 0.048+692.216 0.95 
(508.5901 °R) (0.390+0.992) (0.00007+0.945) 
-301.45 197.06 €67.1741 -171.4+188.6 0 .176-~611. 842 0.94 
(656.73°R) (0.439->-0.987) (0.0003-;{). 917) 
-301.63 295.556 583.3206 -117 .4+287 .6 0 .168+541.416 0.99 
.. (755.226°R) (0 .453->{). 99) (0.0003+0.928) 
~- • 
,;.· 2.65 .27 376. 93L• 511.386 -108.4->-368:6 0.027+476.717 0.91 
(836.604°R) (0.42<r0.990) (0 .00005->{). 932) 
.. 
-220.27 447.5839 451.7041 -72.4+440.6 0.020+426.619 0.99 
(907.2539°R) (O ,427~,o. 992) (0.00004+0.945) 
No. OF m 
POINTS 
34 0.4276 
41 0.4394 
46 0.4698 
54 0.4988 
58 0.5342 
" 
n 
0.7079 
0.7983 
0.8236 
0.8329 
0.8362 
+' 0 
CQ'.lf'CU:{D T.P. 
K\'-!E OF 
( DXL\ ) SCUECE 
28 58,ZLt'llE 41. 954 
(ESDU) 
29 TOU1£NE -138.946 
(ESDU) 
30 Elm'L-BZ -133.964 
(ESDU) 
31 0-XYLENE -13 .27 
(ES!JU) 
3·1 
'" 
H-X.YU.NE -54.67 
(ESDU) 
33 P-XYLE.'l\JE 55 
(ESDU) 
TABLE III 
PURE CXHPONENT PARAMETERS AND DEVIATIONS IN VAPOR PRESSURE 
PREDICTIONS FOR AR<l·fATIC HYDROCARBONS 
T p TB> :P . R1\ .. "-~GE PRES. RANGE ABS. AVG No. OF 
c c 
"F PSIA ERROR IN POINTS OF PSIA 
(:~) (Tr RANGE) (Pr RA:'lGE) VAP. PRES. 
552.2179 710.571 44.6+584.6 o. 741, .... 691.592 0.91 57 
(1011.8879°R) (0.498-+0.996) (0.001-+0.973) 
609.53 590.0073 53 . 6-:-6C2. 6 0.269+532.364 1.0 62 
(1069.Z°R) ·(O .48crO • 994) (0.00005-+0.987) 
651.29 522.3528 80.fr>647.6 0. 206-:-508. 53 1.0 64 
(lll0.96°R) ( 0 .Lf36+0. 997) (0 .OOOl;+O. 974) 
674.924 541.1731 98. 6-:-67.+. 6 0.252+538.805 0.99 65 
(1134.594°R) (0.492+0.9997) (0.C005+0.996) 
651.0199 512.9141 SO.G-•647 .6 0.179+500.119 1.0 64 
(11J0.6899°R) (0.436+0.997) (0.0004+0.975) 
649.5441 509.3159 107.6+647.6 0.423~·501.555 0.98 61 
(1109.2141°R) (0.511+0.998) (O.OOOScrO. 985) 
m 
0.4906 
0.4930 
0.5186 
0.4949 
0.4991 
0.4790 
n 
0.8170 
0.8%8 
0.9069 
0.9750 
0.9838 
1.0333 
+' I-' 
,:, 
CCT·!POU.\'D T.P. 
~\,J.\J!:; OF 
( D.\TA ) 
S-:AfaCE 
34 \.,'ATI:~ 31. 73 
(STE\:·! 'L\llLES) 
35 H2S -121.~54 
lJ.~:WLT 
B01GSTEIN 
36 co2 -69.88 
(o) L\:::XJLT 
BC:\::STEL'-: 
36 co2 -69.9 
('o) GVl.F PUB. CO. 
ASl!RE 
36 COz -69.9 
(c) G.'.'U.\R t. 
:-::~.:·:~~TI~ 
36 c;a2 -69.9 
(d) :\l>S CIRC 
_'~~-'I 
-:t..JV..., 
TABLE IV 
PURE C<UPONENT PAHAMETERS AND DEVIATIONS IN VAPOR PRESSURE 
PREDICTIONS FOR NON-HYDROCARBOHS 
Tc pc IDlP. RANGE PRES. RA.NGE ABS. AVG No. OF 
OF PSIA op PSIA ERROR IN POI:--'TS 
(:~) (Tr RANGE) (r r RANGE) V~. PRES. 
705.34 3206.2 7a...705.34 0.474->3206.2 0.98 169 
(1165.0l°R) (0.462->l.0) co.0002 .... i.o) 
212.702 1306.83 -121.954....212.702 3.292 .... 1306.83 0.83 38 
(672.102l°R) (0.503....1.0) (0.0025+1.0) 
87.602 1070.895 -69.8S...S7.872 75.146-.-1070.895 0.64 20 
(547 .272°R) (0.712->l.O). (0.07+1.0) 
87.93 1070.0 
-69.9-.-87.8 75.1 ... 1072.4 0.47 47 
(547.6°R) (0. 712+1.0) (0.07+1.0) 
87.93 1070.0 -69.9-.-87.0 75.146-.-1070.0 0.53 33 ,.. -., 
(547.6°R) (0.712+1.0) (0.07 .... 1.0) 
87.93 1070.0 -70.87+87 .5 73.33+1066.25 0.26 89 
(547.6°R) (0. 71+0. 999) (0.0685+0.9965) 
.:. U~cd for porr.:::etcr correlation 
.. 
m n 
.0.4501 l.14S4 
0.3763 0.8665 
0.5080 o.soas 
0.5060 0.8055 
0.5077 0.8055 
0.4247 0.9828 
f:; 
TABLE IV (Continued) 
CQ\[POUND T.P. T .p TE.\1P . RAi\JGE PRES. RANGE ABS. AVG No. OF m n 
K\\lE OF c c OF PSIA ERROR IN POINTS OF PSIA 
( D:\'L\ ) ('!'~) (Tr !<ANGE) (r r R<\.l\/GE) VAP. PRES . .::r'UPC;; ._.1\.... • \ ~, 
37 N2 -34-5.982 -232.618 49~.2954 -345.982+-232.618.2.1083+492.295 0.37 35 0.3168 0.8776 
(a) u~mEOLT 
bOHNSTEIN (227 .052°rt) (0.5007-,.1. 0) (0.004:+ 1.0) 
37 1'1 ") -345.989 -237.627 492.2 -347 .17-r-228.9 l.611->-544.488 0.38 41 0.3160 0.8804 
(b) ~ms CIRC 
(227.043°R) 4564 (0.Lr96+1.016) (0. 003-~ 1.106) 
;'; 37 N2 -345.989 -232.627 492.2 -346.G+-233.67·1.s13~,.477 .104 0.51 58 0.3159 0.8787 
(c) t-rns TEC!l. 
NOTE 129A (227 .OL;J°R) (0.5007+0.9954)(0.0037+0.9693) 
-:: Used for p.::rancter :orrelaticn. 
t; 
TABLE V 
co2 BINARY SYSTEM INTERACTION PARAMETERS AND DEVIATIONS 
IN K-VALUE PREDICTIONS 
% ABS AVG ERJZORS IN 
SYSTEM TEMPBU\TURE PRESSURE ~OF OPTIMAL 
(REFERENC12S) HANGE (°F) RANGE (PSJA) POINTS k .. K K d L/F or lJ co2 211 comp BUIWT. 
1 co2(2) - CH4 (1) 26.33-++50.00 515.683+1187 .44 19 0.108295 1.27 4.47 5.21 
(18, 17' 30) -9.67-++8.00 293.92 +1175.68 21 0.091536 2.45 3.79 5.72 
-57.0-++25.0 220.44 +1098.0 31 0.091238 5.06 4.63 2.89 
-100.0-++65.0 651.0 +932 .0 8 0.097174 10.36 3.52 8.69 
..... -100. 0-++65. 0 220.44 +1175.68 79 0.09255 4.21 5.03 4.89 
2 co2(2) - c2H6(1) 20.0 ++68.0 355.5 +827.4 22 0.141282 3.04 1.62 24.40 
(23, 61, 74, 17, 38) -20.0-++14.0 209.18 +419.84 30 0.137269 3.59 3.29 20.6 
-60.0+--22.0 90.49 +237.54 18 0.135358 4.23 4.65 11.55 
,,, 
-60.0++68.0 90.49 +827.5 64 0.137929 3.20 3.45 15.91 
3 co2(1) - c3H8(2) 75 +160 200.0 +1002.5 43 0.144669 3.86 3.15 8.17 
(46, 39, 38) 32 . +70 80. 79 +800.0 30 0.128657 3.93 3.21 8.09 
-20 ++20 66.1 +379.0 30 0.121933 5.08 3.35 7.47 
";,'( 
-20 ++160 66.1 +1002.5 103 0.133 711 4.51 3.48 9.60 
* All Points Together f: 
TABLE V (Continued) 
7u ABS AVG ERRORS IN 
SYSTEM TEMPERATURE PRESSURE N~ OF OPTIMAL 
0{EFERENCES) !U\NGE (°F) IU\NGE'. (PSIA) POI NI'S k .. lJ K co2 
L/F or 
Kznd comp mJIWl'. 
4 co2(1)-N-C4tt10(2) 160 + 280 150 + 1184. 41 0.157221 4.15 0.93 5.25 
(63, 43, 38) 50. + 150 51.9 + 1095.0 41 0.124212 4.59 3.56 4.65 
1.1 + 32.0 35.26+ 462.74 18 0.119923 3. 74 8.76 2.73 
..;, 1.1 + 280.0 35.26+ 1184.0 100 0.136974 5.08 3.98 6.34 
5 co2(1)-I-C4H10(2) 32 + 220 39.69+ 956.0 31 0 .125262 5.05 4.58 5.19 
(57, 38) 
6 co2(1)-N-C5H12(2) 40.1 + 220.0 60.0 + 13.97.0 39 0.124252 5.06 5.49 3.34 
(5R) 
7 co2(1)-I-c5tt12(2) 40.0 + 220.0 22.0 + 1290.0 33 0.126900 4.46 4.06 3.40 
(60) 
8 C02 (1 )-N-C6Hl4 (2) 104.0 + 248.0 1130 + 1593.0 35 0.127699 3.63 4.70 2.90 
(65) 
e; 
TABLE V ( Cbntinued) 
% ABS AVG ERRORS IN 
SYSTEM 'l'LMl)El<ATURE PRESSURE N~ OF OPTIMAL 
(REf:ERENCES) i{J\NCE (°F) HANCE (PSTA) POINTS k. . K L/F or lJ co2 Kznd comp BUIWJ'. 
9 co2(1)-N-C7H16(2) 99.5 + 399.3 27 + 1746 47 0.133650 6.09 8.08 7.52 
(63) 
10 co2(1)-N-c10H22(2) 40.0 + 460.0 100 + 2000 52 0.119541 3.86 8.92 2.91 
(53, 76) 
11 co2(1)-N-c16H34(2) 373.82 +735.08 291.06 +737. 94 13 0.140 023 9 .33 8.41 1.92 
(76) 
12 co2(1)-Toluene(2) 100.6 +399.0 54.6 + 2004.0 21 0.097 340 4. 93 8.99 4.98 
(62) 
13 C02(2)-C2H4 (1) -42.88+ -.436 151.4 + 372.645 14 0.052 550 0.81 1.47 0.10 #'~'' 
(38) 
14 co2(1)-C3H6(2) -4.36 + +32.0 116 + 485.1 16 0. 096 518 3 • 51 3.76 8.35 
(38) 
"l: All Points Together 
~·.-.·· Percent Absolute Average Error in Bubble Point Teniperature ~ 
TABLE V (Continued) 
SYSTEM TEMPERATURE PRESSURE 
(REl: ERENCES) HANCE (°F) RANGE (PSIA) 
15 C02(l)-C4Hs(2) 32 45.57 +463.05 
(38) 
16 ~e2 (2)-N2 (1) 26.6 496.86 +1603.476 
(31) 
17 CO (2)-H2S(l) 3.2 + 176.0 294 -+ 1176 
(7) 
•':·k Percent Absolute Average Error in Bubble Point Temperature 
~OF OPTIMAL 
POINTS k .. lJ 
8 0.068143 
24 0.000024 
25 0.121827 
% ABS AVG EJmORS IN 
K L/F or Kznd comp 13UIWJ'. co2 
3.99 10.24 2.91 
1.8 6.04 3.61 
3.43 1.22 0. 26 i'(I'; 
+' 
....... 
SYSTEM 
( '(EF ERENCES) 
1 N2(1)-H2S(2) 
(MM) 
2 N2(~)-CH4 (1) 
(81, 16) 
3 N2(1)-C2H4 (2) 
(22) 
4 N2(1)-C2H6(2) 
(82, 22) 
5 N2(1)-I-C4H10(2) 
(55, 88) 
6 N2(1)-N-c5H 122) 
(56) 
7 N2(1)-N-c7n16(2) 
(3, 8, 89) 
8 N2 ( 1 )-N-C1d-Iz2 (2) 
(5) 
TABLE VI 
N2 BINARY SYSTEM INTERACTION PAHAMETERS AND 
DEVIATIONS IN K-VALUE PREDICTIONS 
TEMP ERATUl'U: PRESSURE ~OF % ABS AVG ERRORS IN OPTIMAL 
IU\NGE (°F) HANCE (PSIA) POINTS k. . lJ KN2 
K nd L/F or 
2 comp BUIWl'. 
-99 + -49 70 + 1993 12 0.162460 8.31 8.52 0.37 
-280 + -130 50 + 730 159 0.046562 5.48 2.57 9.87 
-99 -+ 8.6 223.6 +1028.85 8 0.079 515 4. 94 1.95 3.78 
-no + +62.31 51 + 1283 37 0.038470 3. 94 3.91 4. 73 
50.l + 240 82 + 1511 41 0.098963 7 .03 4.10 1.86 
40 + 220 36.3 + 2645 34 0.075677 4. 72 5.45 1.77 
90 + 435 1020 + 12' 150 56 0.121826 5.84 26.69 3.51 
100 -+ 280 100 + 4750 76 0.098535 4.58 10.16 1.53 
+"' 00 
SYSTEM 
0(]3F ERENCES) 
1 H2S(l)-C02(2) 
(mn) 
2 H2S(l)-C2H6(2) 
(55) 
3 H2S(l)-C3tt6(2) 
(107) 
4 H2S(l)-C3H8(2) 
(24) 
5 H2S(l)-N-C4H10(2) 
(nm) 
6 H2S(l)-I-C4H10(2) 
(59) 
7 H2S(l)-N-C5H12(2) 
(47) 
8 H2S(l)-N-C7H16(2) 
(64) 
9 n2S(l)-N-C10n22 (2) 
(48) 
TABLE VII 
H S BINARY SYSTEM INTERACTION PARAffuLERS AND 
2 DEVIATIONS IN K-VALUE PREDICTIONS 
% ABS AVG ERRORS IN 
TEMPEl{ATURE PRESSURE ~OF OPTIMAL 
RANGE (°F) RANGE (PSIA) POINTS k.. KI-I S K d L/F or lJ 2 Zn comp BLJIWl'. 
3.2 -+ 176 294 -+ 1176 25 0.121827 1.22 3.43 0.26 "/; 
-99.8 -+ +50 31.6 -+ 442. 7 25 0.094046 5.44 3.93 49.93 
-22 -+ +59 44 -+ 239.6 12 0.036759 L~.28 3.65 0.59 "/; 
-22 -+ 188 so -+ 599 36 0.076951 3.02 3.67 0 .89 ~·; 
100 -+ 250 69 -+ 1080 57 0.051550 3.31 5.51 0.50 "/; 
40 -+ 220 30 -+ 872 24 0.049 992 6.44 5.88 8.10 
100 -+ 340 100 -+ 1100 35 0.049531 6.22 7.51 13.09 
100 -+ 400 23 -+ 1093 23 0.076 592 5.44 7.80 4.82 
100 -+ 340 100 -)- 1000 20 0.042 598 1. 70 13.99 1. 79 
+'-
. "° 
10 
SYSTEM 
0(EFERENCES) 
H2S(l)- Toluene 
(64) 
TEMPERATURE 
IWJGl3 (°F) 
175 + 400 
TABLE VII (Continued) 
PRESSURE ~OF 
RANGE (PSIA) POINTS 
200 + 1679 12 
* Percent Absolute Average Error in Bubble Point Temperature 
OPTIMAL 
k .. lJ 
0.007305 
% ABS AVG ERRORS IN 
KH S 
L/F or 
Kznd comp BUIWl'. 2 
3.89 6.24 11.45 
\.Jl 
0 
SYSTEM 
(IU'.FERENCES) 
1 CH4 (l)-CC2(2) 
(18, 17' 30) 
2 CH4(1)-N2(2) 
(81, 16) 
3 CH4 (l)-H2S(2) 
(33) 
4 CH4(1)-C2H6(2) 
(MM) 
5 CH4 (1 )-c3tt8(2) 
(44, 2) 
6 CH4(1)-N-C4tt10(2) 
(67-, 54, 28, 19) 
7 CH4(1)-I-C4H10(2) 
(70) 
8 CH4(1)-N-C5H12(2) 
(69) 
TABLE VIII 
C BINARY SYS'ID1 INTERACTION PARAMETERS AND 
l DEVIATIONS IN K-VALUE PREDICTIONS 
% ABS AVG ERRORS IN 
TEMPERATURE PRESSURE ~OF OPTIMAL 
RANGE (°F) RANGE (PSIA) POINrs k .. lJ K c1 
L/F or 
Kznd comp BlJIWl'. 
-100.0 ++50.0 220.44 +1175.68 79 0.092~50 5.03 4.21 4.89 
-280 + -130 50 + 730 150 0.046562 2.57 5.48 . 9.87 
-100 + +160 400 + 1600 39 0.073 000 5 .56 5.98 1.47•'• 
-225 + -99 25 + 740 80 0.004508 3 .28 5.85 4. 74 
-109 + +190 100 + 1450 211 0.000053 4.09 4.18 6.16 
-140 + +280 20 + 1652 206 0.000068 4.31 4.37 5.65 
100 + 220 80 + 1300 38 0.000076 4.67 2.47 5.79 
100 + 340 20 + 2455 52 0.000000 2.65 4.62 4.93 
ln 
I-' 
SYSTEM TEMPERATURE 
O<-EFERENCJ::S) !<ANGE (°F) 
9 CH4 (l)-r-c5n12(2) 160 + 340 
(73) 
10 CH4(1)-N-C6H14(2) 77 + 302 
(77) 
11 CH4(1)-N-C7H16(2) 40 + 460 
(49) 
12 CH4(1)-N-C8H18(2) -58 + 302 
(32) 
13 CH4(1)-N-ClOH22(2) 100 + 460 
(42) 
14 C-H1+ (1 )-Tol:uene(2) 0.0 + 40 
(35) 
TABIB VIII (Continued) 
PRESSURE ~OF 
RANGE (PSIA) POINTS 
500 + 1000 11 
147 + 1470 41 
200 + 2500 82 
147 + 3966 45 
20 + 4750 134 
50 + 2000 24 
% ABS AVG ERRORS IN 
OPTIMAL 
k .. K L/F or Kznd comp BlJIW l'. 1) cl 
0.000003 8.02 4.43 7.95 
0. 009 6 7 4 2 . 09 9.38 1.86 
0.004911 2. 76 5.90 3.18 
0.011940 4.73 11.10 0.43 
0.024672 3. 79 5.83 1.48 
0.021237 13. 74 6.04 4.65 
Vl 
N 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
TABLE IX 
c2BINARY SYSTEM INTERACTION PARAMETERS AND 
DEVIATIONS IN K-VALUE PREDICTIONS 
SYSTEM TEMPERATURE PRESSURE ~OF 
(REFERENCES) RANGE (°F) RANGE (PSIA) POINTS 
c2H4(1)-co2(2) (38) -42 .88+ -4.36 . 151.4 + 372.65 14 
C2H4(l)-C2H6(2) (21) -155 + +60 7 + 714 28 
c2n6(1)-C3H6(2) (73) 100 + 150 250 + 705 11 
C2H6(l)-C3H8(2) (36) o.o + 200 50 + 750 53 
C2H6(1)-N-C4n10(2) (MM) 0.0 + 250 100 + 600 19 
c2n6(1)-I-C4H10(2) (MM) 100 + 219 207 + 779 27 
c2n6(1)-N-c5n12(2) (50) 40 + 340 50 -+ 900 52 
c2n6(1)-N-C6n14(2) (MM) 150 + 250 200 -+ 800 12 
c2H6(1)-N-C7H16(2) (MM) 40 + 450 100 + 800 19 
C2H6(1)-N-C10H22(2) (51) 100 + 460 100 + 1640 43 
..,., ... ,.. Percent Absolute Average Error in Bubble Point Temperature 
% ABS AVG ERRORS IN 
OPTIMAL 
k .. K L/F or lJ Cz Kznd comp BUBPT. 
0.052550 1.47 0.81 O. lfY'n'' 
0.009950 5.26 7.47 0.33·l~'( 
0.000074 2.99 5.62 1.27..._'~'( 
0.005000 2. 76 3 .11 16.11 
0.005096 2.08 3.34 2.76 
0.005074 4.11 5.04 o. 93··)~'( 
0.013ll8 3.63 4.32 5.22 
0.007086 5.80 6.75 6.29 
0.004348 4.04 4.36 2.68 
0.019800 3.29 6.26 2. 77 
~ 
l 
2 
3 
4 
5 
6 
7 
0 
u 
TABLE X 
c3 + BINAla SYSTEM UITEPACTIOH PAIW·1ETERS Al"ID 
DEVIATIONS IN K-VALUE PREDICITONS 
N£ OF 
% ABS AVG ERRORS IN 
SYSTEM TEMPERAWRE PRESSlffill OPTIMAL 
RANGE (°F) 
L/F or 
REFERENCES RANGE (PSIA) POINTS k .. Kl K BUBPT 1J 2 
c3H6(1)-C3H8(2) 100 + 190 197 + 603.5 13 0. 000 0 0 2 7 . 85 8.14 o. s7·l~'' 
(45) 
c3H.6(1)-C4H8(2) 40 + 160 30 + 400 26 0. 002 4 4 7 0 . 9 7 2.61 0 .127d: 
(72) 
c3H8( l)-I-c5n12 (2) 32 + 356 14.7 + 632 73 0.010323 5.12 5.42 17.57 
(8L~) 
c3H8 ( 1 )-N-C1 a1-I22 ( 2) 150 + 460 50 + 800 42 0.008688 3A9 3.89 3.80 
(MM) 
c3II8(1)-BZ(2) 100 + L~OO Li-0 + 867 64 0.015991 2.56 3.10 5. 77 
(66) 
N-Ci'.plOCl )-I-CL~H10(2) 100 + 280 52.5 + 484.5 16 0.000 099 4.44 4.98 0. 78~':#•: 
(71) 
N-C4H10(1)-N-c7n16(2) 200 -r i'.~~o 100 + 400 15 0.000 000 1.33 1.39 3.51 
(MM) 
N-C i'.pl O ( 1)-N-c10H22 ( 2) 100 -r 460 25 + 711'.~ 109 0.023 533 2.85 4. 74 6.27 
(53) 
:~.,<; Percent Absolute Average Error in Bubble Point Temperature 
V1 
+--
TABLE X (Continued) 
SYSTEM TEMPr-:'.HATURE PRESSURE 
(REFERNECES) RAl\!GE ( 0 F) RANGE (PSIA) 
9 BZ( 1 )-N-ClI16 ( 2) 103 + 206.1 3.5 + 14.7 
(MM) 
10 BZ(l)-Toluene(2) -180.1+ 536 14.7 + 560 
(MM) 
11 BZ(l)-}f-Xylene(2) 320 + 572 60 ->- 4li4.9 
(MM) 
12 ETIIBZ(l)-N-C H (2) 8 18 122 + 239 0.97(}7 ll~. 7 
(88) 
·:..:. Percent Absolute Average Error in Bubble Point Temperature 
1\-e_ OF 
POUITS 
33 
22 
8 
43 
% ABS AVG EHRORS IN 
OPTH:fAL 
L/F or 
k .. Kl Kz BUBYf l.J 
0.006027 1. 78 2.20 0.15~';-k 
0.005258 2.39 2.59 0.18 
0.000349 3.25 L~.15 l .Ol•'n':: 
0.002 364 1.95 1.87 0. ICY'~" 
Vi 
VI 
TABLE XI 
PURE COHPONENT ENTHALPY PREDICTION USING THE NEW MODIFIED 
SRK EQUATION OF STATE 
SYSTEM COi'IPOSITION TEMP PRESSURE NO. OF POD\JTS ABS. AVG. 
RANGE RANGE IN THE SYSTEM nr.:v11\TffiF'! (P,T!T/lb '\ 
(OF) (PSIA} 
VAPOR LIQUID VAPOR LIQUID 
PH.AC!~ PHASE TOTAJ, PHASE PHASE T01'.A.L 
1 N2 1.0 -25(}7-i-50 200->-2000 43 6 49 0.563 0.415t 0.6 
0.387 OA22 0 .l.p'• 
2 co2 1.0 -6(}H-300 80+2000 34 20 54 0.59Lvl' 0.849 0.7t 
0.856 0.833 o.s:r= 
3 H S 2 1.0 -110++200 20+2000 15 33 48 1.294 3.038 2.5 
1.164 2.601 2.1 :'; 
4 CH4 1.0 -25(}H-50 250+2000 17 17 34 0.875 2.758 1.8 
0.296 1.577 0. 9•'• 
5 C2H6 1.0 -240++280 200+2000 26 L~3 69 0.124t 0.035t O.H 
1.029 1.063 1.1 <'f 
6 C3H3 1.0 -250++250 500+2000 Lt 39 Lt3 2. 778 2. 743 2.8 
0. 765 l.Li-67 1.4•': 
7 N-C5Hl2 1.0 75+700 200+1400 124 36 160 l.39lt l.591t l.4t 
1.479 1.802 l .6•': 
8 N-C7H12 1.0 50+600 50+2500 28 80 108 4.08L~ 4.478 4 .Li-
2.817 4.688 Lt.2·k 
;'•Lee-Kessler Evaluation 
tBeat Lee-Kessler evaluation method. 
Vl 
Ol 
TABLE XI (Continued) 
SYSTl'l-1 COMPOSITION TEMP PRESSURE NO. OF Ponns 
RAl'lGE HAN GE IN TilE SYSTEM 
(OF) (PSIA) 
VAPOR LIQUID 
PHASE PHASE 
9 N-C8Hl8 1.0 75+600 200+1400 35 33 
10 Toluene 1.0 50+650 50+2500 2L~ 78 
•'• Lee-Kessler Evaluation 
t Beat Lee-Kessler evaluation method 
ABS. AVG 
DEVIATION (BTU/lb) 
VAPOR LIQUID 
TOTAL PHASE PHASE 
68 3.109 2.378 
2.289 0.851 
102 2.528t 4A75 
2.869 1.906 
TOTAL 
2.8 
l .6"i'' 
4.0 
2.t<'> 
Vt 
-...J 
TABLE XII 
1-HXTURE ENTI-IALPY PREDICTION USING THE :NEW 
MODIFIED SRK EQUATION OF STATE 
SYSTEM CClIPOSITION TEMP PRESSURE NO. OF POINTS ABS. AVG. 
RANGE RANGE IN THE SYSTEM DEVIATION (BTU /1 b) 
(OF) (PSIA) 
VAPOR LIQUID VAPOR LIQUID 
PHASE PHASE TOTAL PHASE PHASE TOTAL 
1 CH4 0.50 -5(}->-300 lOC»-2000 39 7 46 l.378t 4.352t l.8t 
co2 0.50 5 4Lt 1.454 8.924 2.3·k 
2 CH4 0.566 -25C»-+250 25C»-2000 45 9 54 0.809 0.626t 0.8t 
N2 0.L~34 0.678 4.017 1.2*· 
3 CH4 0.50 -llC»-+200 20+2000 25 6 31 1. 76lt 7.589t 2.9t 
I-I s 2 0.50 2.559 11.686 L~.Jk 
4 CH 4 0.948 -25(}->-+250 25C»-2000 30 17 47 0.766 3.425 1. 7 
C3H3 0. 766 0.518 1.678 0. 9<'> 
5 CH4 0. L~9L~ -25C»-+250 25C»-2000 8 37 45 1.464 2.383 2.2 
C3H3 0. 766 0.893 1. 76L~ 1. fri> 
6 CH L~ 0 .L~94 -250++250 25C»-2000 16 29 45 l.584t l.990t l.9t 
C3H3 0.506 2.163 3.270 2. 9-;.';_:i:· 
7 cn4 0. 720 -25C»-+250 25C»-2000 23 22 L~S 0.729t 1. 725t l.2t 
C3H3 0.280 1A96 2.321 1.9"• 
8 CH4 0.883 -250++250 25C»-2000 28 19 47 0.598t l.632t 1.0t 
C3H8 0.117 0.765 1.502 1.1'<'> 
•':Lee Kessler Evaluation 
tBeat Lee Kessler eva.luation method 
lJ1 
co 
TABLE XII (Continued) 
SYSTEM CCNPOSITION TEi'-fP PRESSlJRir-~---'fJO. OrPDIHrs 
RANGE RANGE · IN THE SYSTEM 
(OF) (PSIA) 
VAPOR LIQUID 
PHASE PHASE 
9 CH4 0.951 150+600 50+2500 79 1 
C7Hl6 0.049 
10 CH4 0.491 50+600 50+2500 39 L~ 
Cl116 0.509 
11 rn4 0.249 50+600 60+2500 36 22 
C7Hl6 0.751 
12 CI\ 0.500 50+600 60+2500 33 1 
Toluene 0.500 
13 C2H6 0.276 -240++240 500+2000 6 12 
C3Hg o. 724 
lt~ C2H6 0.763 -2t~0++240 250+2000 12 18 
C3Hg 0.237 
15 C2H6 0.498 -240++2L~O 250+2000 11 18 
C3H3 0.502 
•': Lee-Kessler Evaluation 
t Beat Lee-Kessler Evaluation method 
ABS. AVG. 
DEVIATION (Bill/lb) 
VAPOR LIQUID 
TOTAL PHASE PHASE 
80 2.328t 3.663t 
2.347 4.185 
43 2.59lt l.030t 
3.791 4.914 
58 3.185 2.429 
3.008 1.101 
34 1. 714t 5.637t 
3.039 14.12 
18 l.519t 2.243 
2.928 0.846. 
30 1. 741 2.069 
0.810 1.093 
29 1.663 2.077 
0.519 0.873 
'IOTAL 
2.3t 
2 ,4-;: 
2.St 
3. 9•': 
2.9 
2 .3'1': 
l.St 
3 .4•': 
2.0 
1. 5;\-
1.9 
1. o-:: 
1.9 
0. 7-;: 
l," L ;} 
Vl 
\.0 
CHAPTER V 
DISCUSSION OF RESULTS 
The New a-model 
The proposed expression for a appears to be a better representation 
of a as a function of Tr than the Soave q9) expression. The new model 
correctly portrays a as a motonically decreasing function of reduced 
temperature, Tr, rather than Soave's model which incorrectly suggests 
that a decreases at low values of Tr, then goes to zero and finally in-
creases at high values of Tr. With the new a model, the modified SRK 
equation colsely reproduces the vapor pressures of pure components. 
Quality of Correlation Development 
for Pure Hydrocarbons 
Accurate correlation of vapor pressure would enable the new modi-
fied equation of state to accurately predict fluid fugacities and conse-
quently the phase equilibrium behavior. Soave (1972) used the Antoine 
expressions reported by API Project 44 (~5) as experimental vapor pressures. 
Also Soave (1972) used the critical point and acentric factors for a number 
of compounds to detennine the function required to correlate vapor 
pressures. Graboski and Daubert (25) in an attempt to avoid anchoring 
the equation at Tr= 0.7, used hydrocarbon vapor pressure data compiled 
by the Penn State API research staff. In the current work, the ESDU (91) 
data which has the wider temperature ranges (triple point to the critical 
point) were used for all the hydrocarbons, except of c9 to c20 whose ESDU 
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data were not available. Graboski-Daubert's modified SRK equation 
yields vapor pressures with large errors at reduced temperatures be-
low 0.45. 1he new modified SRK equation can predict vapor pressures 
of most pure substances down to reduced pressures of 0.41, with reason-
albe accuracy. 1he fitting of the pure component parameters to very 
simple two constant straight-line form algebraic functions of acentric 
factor, instead of the usual quadratic form used by previous investiga-
tors, makes this correlation much more attractive to use. 
Quality of Vapor-Liquid Equilibrium Calculations 
For correlation testing and development, good binary VLE data 
are very valuable. Availability of such data helps to evaluate the 
model in terms of the effect of different families and molecular sizes 
on equilibrium predictions. It also permits determination of binary 
interaction parameters, k .. s, which are used for scaling up to multi-lJ 
component systems based on the assumption of pairwise mixing. In this 
work, a total of 3,329 data points were used in fitting the k .. s. 1his lJ 
is considered a large number of data points when compared with previous 
investigators in this area. For example, Graboski and Daubert l25) had 
a total of 1966 data points available in the Penn State Binary Vapor-
Liquid Equilibrium Data Set and this included those points that were 
not used in1he final fit. Use of more data points often improves the 
quality of the fit, hence the k .. s obtained in this work should be highly lJ 
reliable. 
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All the interaction coefficients obtained are between the order of 0.0 
to 0.2. In agreement with previous authors, hydrocarbon-non-hydrocarbon 
k .. s were larger than hydrocarbon-hydrocarbon k .. s. This can be ex-lJ lJ 
plained by the greater molecular interactions in the non-hydrocarbon-
hydrocarbon binaries. For most hydrocarbon-hydrocarbon binaries, 
where molecular similarities are very high, the k .. s obtained were lJ 
zero or nearly so. Previous authors had recommended a value of zero 
for all hydrocarbon-hydrocarbon binary k .. s. This ought to be done lJ 
with some caution. A look at Table V shows that k .. s for C1 -n-C 8 , lJ 
C1-n-C1o and C1-Toluene are significantly higher in order of magnitude 
than for the rest of the binaries in the same table, and cannot be 
approximated to zero in cases where very accurate work is required. 
The guideline recommended here therefore is that for HC-HC binaries 
which belong to the same family, for example paraffin-paraffin or 
aromatic-aromatic and having a carbon content difference of not more 
than five, a value of zero can be assumed for the k .. value. Other-lJ 
wise the real k .. value should be determined and used. lJ 
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According to previous authors (14, 15,79.> 80, 39, 40), kij was asstnned 
a universal constant for a given binary pair and was therefore indepen-
dent of temperature and pressure. In this work, this assumption may 
hold for most HC-HC binaries, but for non-HC-HC or non-HC-non-HC pairs, 
k .. s were found to be temperature dependent. Thus, whenever a large lJ 
amount of data was available at different temperature, the data were 
fitted separately in narrow temperature ranges and the weighted average 
of the results of these separate fittings used as guess for the total 
fitting. This was the approach used to obtain k .. s for the binaries of 
l] 
C02 and C1, C2, C3, n-C4 in Table V . For very accurate work, kijs 
for systems of this kind should be determined at temperatures and 
pressures where they will find the most usage. Meanwhile, accurate 
correlation of k .. s as functions of temperature have become very lJ 
necessary. 
The equilibrium ratios CK-values) predicted by the modified SRK 
equation of state are also very reliable. The percent absolute average 
deviation between predicted and experimental K-values for 55 out of 72 
vinary systems used in this study be between 1 and about 6 percent. 
High errors in K-value prediction were more frequent with the N2 sys-
terns, in particular binaries of N2 with heavier hydrocarbons. Nitrogen 
is mostly in supercritical state at normal conditions, resulting in 
almost all the nitrogen being in gaseous phase in most of its mixtures 
with hydrocarbons. Hence the results obtained were reasonable in view 
of the circumstances. Robinson et al., (65) used the Soave (. 79) 
equation of state to correlate their C02-Hexane data and had average 
absolute errors in predicted K-values of 4% and 13% for C02 and n-hexane 
respectively. When the same data were correlated using the new modified 
SRK equation, absolute average errors were 3.63% and 4.70% for C02 and 
n-hexane respectively. However, the kij value obtained for the C02-n-
hexane system by Robinson et al., agree with the one from this study 
to two decimal places. (See Table V.) 
Test of the New Equation on Enthalpy Prediction 
The modified SRK equation, coupled with the pure component para-
meters and the fitted k .. s, was tested on enthalpy departure prediction. lJ 
The errors in predicted enthalpy departures stayed within 0.1 to 4.4 
63 
B1U/lb. and 0.8 to 2.9 B'IU/lb. for the pure components and mixtures 
used respectively. 1his is the same degree of error reported in Lee 
and Kessler's evaluation for the same systems. (See Tables XI and 
XII.) 
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CHAPTER VI 
CONCLUSIONS AND RECCTvlrvfENDATIONS 
Concl11sions 
A new modified SRK equation of state has been obtained by proposing 
a new model which more correctly represents the a term in the original 
SRK equation as a motonically decreasing function of reduced temperature, 
Tr. 1he new equation is capable of reproducing the vapor pressures of 
pure components very closely. Values of the parameters m and n in the 
new a expression have been obtained for thirty seven different compounds 
including water, N2, H2s, co2, and paraffin, alkene and aromatic hydro-
carbons. Simple generalized correlations of these parameters as algebraic 
fW1ctions of acentric factor have been provided. 
With the use of the same mixing rules as originally used by Soave, 
the new equation was successfully used to predict binary VLE computations, 
for mixtures of N2, H2S, co2 and light paraffin, alkene, and aromatic 
hydrocarbons. Binary interaction coefficients were fitted for seventy-
two systems and K-values were also predicted with reasonable accuracies 
for the same systems. 
The equation was also found to be good in both pure component and 
mixture enthalpy departure predictions. By proper characterization, the 
new equation can be used to treat petroleum fractions. 
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Recommendations 
For future work, further modification of the mixing rules is 
suggested, with the hope of improving the VLE mixture calculations. 
'The a term should be retained as in this work: 
n n 
a = E E 1:1: l·=l J·=l x.x.a.2a~(l-k .. ) 1 J 1 J lJ 
while the b term changes from b 
n n 
n 
= L x.b. to 
i 1 1 
b = E E x.x. (1-~ .. ) (b.+b.)/2.0 
i=l j=l 1 J lJ 1 J 
Attempt should be made to correlate binary interaction coefficients, 
k .. s as functions of temperature for different binary systems. lJ 
Finally, the correlation should be 1ested on multi-component vapor-
liquid equilibrium data, including such components as hydrogen, water, 
sulfur and nitrogen oxides. 
'The present correlation is based heavily on data of light hydro-
carbons, hence caution should be exercised when trying to extrapolate 
its use to mixtures containing heavier components. Efforts in experimen-
tal research should be geared towards providing more accurate experimental 
VLE data on these heavier components, in particular aromatic, naphthene 
and alkene systems, because data on these systems are essential to further 
improve the generalized equation of state for better equilibrium calcula-
tions. 
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ALTERNATIVE lv!E1HOD OF DERIVING Aff'/RT EQUATION 
Thennodynamic isothermal enthalpy departure definition is given 
by equation (3-10) as 
(Z - 1) (T canst.) 
SRK equation: P = RT 
V-b 
a(T) 
V(V+b) 
and 1: { n} a 2 =exp m(l-Tr) 
Equation (3-10) can be re-written as 
PV = 
RT 
i.e. z = 
v 
V-b 
v 
V-b 
a(T) 
RT(V+b) 
a(T) 
RT(V+b) 
~ ~ RT(V+b) ·aa(T) - a(T) ·R(V+b) l Then ~Tz = o - -·'-----,..-a_T ______ ~ 
a RzTz (V+b) 2 
a(T) - T aa(T) 
= aT 
RT 2 (V+b) 
a (T) - T aa (T) j 
= -T/v aT dV 
oo RT2 (V+b) V 
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(3-10) 
(2-32) 
(2-37) 
(3-1) 
(A-1) 
74 
= :1:_ (a(T) - T aa(T)) ( v- dV 
RT aT Joo V(V+b) 
v-
= -TJ ( ~) • dV - ( Z - 1) 
00 3T v V 
(T canst.) (3-10) 
= 1 ) T aa(T) - a(T)!1v- dV - (Z - 1) 
RT aT co V(V+b) 
= 1 ) T a~fT) - a(T) ! 1 9,n v - (Z - 1) 
RT o V+b 
= (1 -Z) + _l_ • 9,n ~ ·iT 3a(T) - a(T) I 
RTb V+b 3T I (A-2) 
Equation (A-2) is the same as equation (3-11) on page 22, hence the rest 
of the derivation follows as in the text. 
')._ 
VITA 
Enurna Dickson Ozokwelu 
Candidate for the Degree of 
Doctor of Philosophy 
Thesis: DEVEIDP.MEJ\IT OF A MODIFIED SOAVE-REDLICH-KWONG EQUATION 
OF STATE 
Major Field: Chemical Engineering 
Biographical: 
Personal Data: Born in iimichi, Anambra State, Nigeria 
April 28, 1946, to Beniah 0. and Victoria N. Ozokwelu. 
Harried to Martha N. Ekedum, January 9, 1979. 
Education: Attended Elementary School in Arnichi and passed 
first school leaving certificate examination in 1959 
with distinction; graduated from Dennis Memorial Gramuar 
School Onitsha in 1964 with a division one pass in West 
Africa School Certificate examination; received the Bachelor 
of Science Degree in Chemical Engineering from University 
of Ife, Nigeria, June, 1975; received the Master of Science 
Degree in Chemical Engineering from Oklahoma State University 
in f'Iay, 1978; completed requirements for the Doctor of 
Philosophy degree at Oklahoma State University in December, 1981. 
Membership in Scholarly or Professional Societites: Omega Chi 
Epsilon, honorary Chemical Engineering fraternity. 
Associate ~Iember American Institute of Chemical Engineers, 
Certified as Engineer-in-Training by Oklahoma Board of 
Registration of Engineers, Architects and Land Surveyors. 
Professional Experience: Instructor, Langston University, Langston, 
Oklahoma, September, 1979 to June, 1981; Employed as Quality 
Control Analyst by Mortell Company, Wichita Kansas, Sumner, 
1978; Graduate Teaching Assistant, School of Chemical Engineering 
September, 1976 to December, 1979; Employed as Assistant 
Shift Engineer by Gombe Oil Seed Processors Limited, Nigeria, 
September, 1975 to July, 1976; Sumner Intern, 1974 with 
Lever Bros (Nigeria) Ltd., Lagos; Su-mner Intern with A.PAPA 
Chemical Industries (Nigeria) Ltd., Benin; 1973 and 
Sumner Intern with Nigerian Petroleum Refining Company 
Port Harcourt, Nigeria, 1972. 
